actions, most ribosomal contacts must, of necessity, be insensitive to mRNA sequence, and so are expected to involve the mRNA backbone, rather than its bases.
A four base-pair stem modeled from same conditions. Data were collected using synchrotron a tetraloop-containing helix can be accommodated in radiation, and previously derived structure factor the extra difference density ( Figure 2B ). Modeled in this phases (Cate et al., 1999; Yusupov et al., 2001) were way, the 3Ј end of the MF36 mRNA terminates close to used to compute Fourier difference maps (Table 1) . the end of the strongest part of the electron density Figure 2A shows the 7 Å Fourier difference map com-( Figure 2B ). Weaker density can be seen extending puted for the MK27 mRNA fragment using data collected about six nucleotides further, suggesting that the unfrom crystals containing two types of ribosomal confolded form of the MF36 mRNA is also present, but at structs. In one construct, 70S ribosomes were bound lower occupancy. The weaker density extends to about with the MK27 mRNA and initiator tRNA; the other construct was identical, except that mRNA was omitted. position ϩ17, implying that the very 3Ј end of the mRNA Figure 2C . The striking coincidence of these two structures suggests that the mRNA hairpin may be designed to mimic the A-site ASL, possibly playing a role in initiation of translation of gene 32 mRNA. Figure 3A shows the path of the mRNA in the context of the complete 30S ribosomal subunit of the 70S ribosome, as viewed from the subunit interface. The mRNA passes through upstream and downstream tunnels to access the interface, where only about eight nucleotides (Ϫ1 to ϩ7), centered on the junction between the A and P codons, are exposed. Binding of mRNA to the 30S subunit during translational initiation requires opening one or both of the tunnels (which are closed noncovalently) depending on the length of the upstream leader, since it has been shown by Bretscher (1968) that the ribosome is able to initiate translation on a circular message. The contact point between the head and body has been described as a potential "latch," the closing of which was proposed to provide a geometry that guarantees processivity, provides directionality, and prevents dissociation ( 
Upstream Interactions
The Shine-Dalgarno helix fits into a large cleft between ( Figure 4A ). In the solvent-side view, The Shine-Dalgarno rRNA, where they occupy the major groove of the noncanonical helical structure formed by the 1400 and 1500 cleft is formed by helix 20 on the bottom, the 723 bulge loop and proteins S11 and S18 on the left, and the neck strands of 16S rRNA often referred to as the "decoding site" ( Figure 4B ). As noted above, the P codon follows helix (helix 28) and helix 37 on the right. The N-terminal end of protein S18, which is rich in basic and aromatic a path very similar to that described for the folded-back tail of 16S rRNA, which appears to mimic this region of side chains, is directed toward the major groove of the Shine-Dalgarno helix, at the 5Ј end of the mRNA (position the mRNA in the high-resolution crystal structure of the 30S subunit (Wimberly et al., 2000). -15). Extra density under the upstream end of the ShineDalgarno helix may come from the N-terminal 15 amino Some details of the interactions between the ribosome and the P codon can therefore be inferred from acids of S18, which were disordered in the high-resolution structure of the 30S subunit (Wimberly et al., 2000) . the 30S structure. Interestingly, the N1 position of G926, Both the N-terminal tail and the loop of S11 that contains which was protected from kethoxal by P-tRNA binding, Arg 54 are near enough to make specific interactions even in the absence of mRNA ( cessed using Scalepack and Denzo (Otwinowski, 1993) . Fourier difference maps were calculated from measured native amplitudes (Table 1) maps clearly reveal the path of the mRNA through the ribosome and allow identification of the molecular fea-
